Recent years have seen the publication of both empirical and theoretical relationships predicting the rates with which proteins fold. Our ability to test and refine these relationships has been limited, however, by a Reprint requests to: Kevin W. Plaxco, Department of Chemistry and Biochemistry, University of California, Santa Barbara, Santa Barbara, CA 93106, USA; e-mail: kwp@chem.ucsb.edu; fax: (805) 893-4120.
variety of difficulties associated with the comparison of folding and unfolding rates, thermodynamics, and structure across diverse sets of proteins. These difficulties include the wide, potentially confounding range of experimental conditions and methods employed to date and the difficulty of obtaining correct and complete sequence and structural details for the characterized constructs. The lack of a single approach to data analysis and error estimation, or even of a common set of units and reporting standards, further hinders comparative studies of folding. In an effort to overcome these problems, we define here a "consensus" set of experimental conditions (25°C at pH 7.0, 50 mM buffer), data analysis methods, and data reporting standards that we hope will provide a benchmark for experimental studies. We take the first step in this initiative by describing the folding kinetics of 30 apparently two-state proteins or protein domains under the consensus conditions. The goal of our efforts is to set uniform standards for the experimental community and to initiate an accumulating, self-consistent data set that will aid ongoing efforts to understand the folding process.
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The folding kinetics of dozens of proteins have been reported to date (e.g., Jackson 1998). The conditions under which these data were obtained, however, vary widely in terms of temperature (e.g., reference temperatures ranging from 10°C-41°C) (Ferguson et al. 1999; Spector and Raleigh 1999) , pH, ionic strength, and data reduction methods. Similarly, the relevant raw kinetic data are rarely made available, and the relevant structural data for the characterized construct are often difficult to obtain unambiguously. As a consequence, no systematic, fully detailed database is available with which to define and develop quantitative, testable models of folding kinetics. In an effort to overcome this problem, we describe here a set of experimental conditions, data analysis methods, and reporting standards that we hope will provide a benchmark for the experimental folding community. We argue strongly for the adoption of a standard reference temperature of 25°C, and on the prominent, clear, and complete reporting of other conditions (pH, denaturant, experimental approach, etc.) . We place equal importance on the availability of raw kinetic data and on providing the sequence and structural information required for a complete description of the characterized construct.
In the following sections, we describe "consensus" conditions, fitting algorithms, error estimation methods, and structural data that we believe represent the minimum complete description of any new experimental folding system. Lastly, we describe the folding of some 30 apparently twostate single-domain proteins or isolated protein domains, the folding kinetics of seven of which have not previously been reported, under the herein recommended conditions.
Standard conditions
Protein folding rates are sensitive to a wide variety of environmental conditions, including temperature, pH, buffer, ionic strength, and the concentration and nature of any residual denaturant. Here we propose standard values for each of these parameters, and we encourage researchers in the field to use these values whenever possible. Naturally, if for some proteins the adoption of one of the standards significantly complicates the experimentalist's task, departure from these conditions is reasonable. Excluding temperature, for which we believe that reporting values at the consensus temperature is very strongly preferred, we believe it is more important to report the conditions employed as prominently and fully as the results themselves than to adhere to these necessarily somewhat arbitrary standards. Instead we offer these consensus conditions in the hope that they will be employed whenever possible, so as to reduce the number of variables contributing to the available kinetic data and thus simplify the comparison of folding data obtained by different laboratories.
Temperature
Protein folding rates display a strong dependence on temperature. Folding reactions commonly exhibit activation enthalpies of 10-20 kJ/mol (e.g., Jackson and Fersht 1991b; Plaxco et al. 1998a; Main et al. 1999 ), corresponding to a temperature sensitivity of ∼1.5%-3% per degree Celsius. We thus strongly encourage researchers in the field to report the folding kinetics observed at a single consensus temperature. Arguments can be made for consensus temperature as low as 10°C, where rates are slower and there are fewer artifacts associated with cavitation and degassing, and as high as 37°C, which is at or near the physiological temperature of mammals, birds, and many experimentally important prokaryotes. The present investigators have agreed on a compromise experimental temperature of 25°C based on three arguments: First, 25°C is slightly above room temperature and thus easily maintained via thermostatically controlled heating. Second, these conditions are far enough above the freezing point that they are an acceptable end-point for most temperature-jump approaches. Third, 25°C is the most commonly employed temperature in the previous folding literature and is near the second most commonly employed temperature, 22°C; the forward adoption of this standard thus maximizes backward compatibility with the literature. We thus strongly recommend that folding kinetic studies report rates measured at 25°C whenever possible.
Chemical denaturants
In the majority of folding kinetics experiments, chemical denaturants-typically urea or guanidinium salts-are employed to destabilize the native state. Rates are then measured in the presence of varying amounts of these denaturants. Because ionic strength is a potentially confounding variable and linear extrapolation is generally less applicable to guanidinium salts (Makhatadze 1999) , we recommend urea as a denaturant. However, since many small proteins do not unfold in saturated urea solutions at 25°C, an alternative denaturant, such as guanidinium chloride or guanidinium thiocyanate, may be required. Where the use of guanidinium salts is known to complicate the analysis of folding kinetics because of ionic strength effects, simultaneous pH-and urea concentration-jump techniques should be employed (Went et al. 2004 ). The precise mode of denaturation should be identified as prominently as the experimental results themselves.
Solvent conditions
Folding rates are sensitive to solvent conditions, such as pH, buffer composition, and ionic strength, and thus a consensus set of solvent conditions would be helpful for purposes of comparing results obtained from different laboratories. Identifying a single set of conditions suitable for the characterization of all proteins, however, is not possible. For example, whereas pH 7.0 has been widely employed in the previous literature, is not suitable for some experiments (e.g., some hydrogen exchange experiments) and some proteins (e.g., those that are poorly soluble at neutral pH). Nevertheless, in an effort to reduce unnecessary complexity in interlaboratory comparisons and maximize backward compatibility with the literature, we recommend that pH 7.0 buffers be employed as a standard unless otherwise justified. It is similarly difficult to recommend a single buffer that is universally applicable to all protein folding experiments. We suggest, however, that 50 mM phosphate (although its pK a is somewhat ionic strength dependent, and it binds some proteins, thereby altering their folding) (Chiti et al. 1998) or 50 mM HEPES is a reasonable choice that buffers well at neutral pH. Lastly, proteins are polyelectrolytes, and thus their stability and folding rates are a function of the solvent ionic strength (e.g., Went et al. 2004) . Folding rates might ideally be determined under physiological ionic strength, but this is problematic as physiological conditions vary in different organisms. Additionally, high concentrations of salts render some experiments, such as far-UV CD, difficult. We thus adopt the standard that, unless otherwise justified, no salt will be added beyond that provided by the buffer. For ease and accuracy in cross-group comparisons, the pH at which the experiments are conducted and the buffer system employed (including any additional salts) should be reported as clearly and prominently as the experimental results themselves.
Data reporting
The experimental folding community long ago adopted a de facto set of parameters to describe most protein folding reactions. Here we review these parameters and encourage their accurate and consistent reporting. We also argue that the pertinent structural characteristics of the experimental construct be clearly and completely described.
Folding phases exhibiting linear chevron diagrams
The estimated forward and backward rate constants for the kinetically-resolvable phases are extrapolated to estimate rate constants in the absence of denaturant. For phases that do not appear to exhibit kinetic rollover (phases for which the arms of the chevron plot are linear), a simple linear extrapolation, as described below, is appropriate. For experiments employing chemical denaturants and for which the arms of the chevron are linear, the so-called m-value (Pace and Shaw 2000) should be reported. This folding (or unfolding) m-value is the derivative of the natural logarithm of the folding (or unfolding) rate constant with respect to the denaturant concentration. Fitted values have historically been reported in units of kJ/mol/M for ease in comparison to equilibrium parameters. We recommend this practice be adopted as standard.
Folding phases exhibiting nonlinear chevron diagrams
Proteins that exhibit kinetic rollover are a significant complication. Rollover can arise due to the formation of stable on-pathway intermediates (e.g., Capaldi et al. 2002) , the formation of stable off-pathway intermediates (e.g., Mogensen et al. 2004 ), a denaturant-induced shift between alternative pathways or change in the nature of the barrier (transition-state movement) (e.g., Otzen et al. 1999; Hedberg and Oliveberg 2004) , ionic strength effects when guanidinium salts are used (e.g., Went et al. 2004; de los Rios and Plaxco 2005) , or aggregation (e.g., Silow and Oliveberg 1997; Went et al. 2004 ). Clearly there is no universal fitting approach that is appropriate for all nonlinear chevrons. For this reason we suggest a fair default position for nonlinear chevrons would be to report both second-order polynomial extrapolations of the full data set (described below) and linear extrapolations of the linear regions close to the midpoint; both parameter sets should be clearly labeled as such.
The existence of multiple, mutually exclusive mechanisms for roll-over, however, suggests that it is also important to report the raw kinetic data [e.g., ln(k obs )] as a function of denaturant concentration) in numerical (tabular) form so that future researchers can refit the data as new models arise. We realize that the latter suggestion is effectively unprecedented in the literature, but as our understanding of the spectrum of folding mechanisms improves, the reporting of raw kinetic data represents an increasingly important contribution to the field. Such data can often be posted online as supplementary material, as is done here.
Non-two-state proteins
While progress has been made in terms of empirically or theoretically predicting two-state folding rates (such as via relationships between rates and native state topology) (e.g., Plaxco et al. 1998b) , similar relationships between folding rates and equilibrium properties for non-two-state folding have generally not been found (for counter-examples, see the work of Ivankov et al. 2003 , Kamagata et al. 2004 ). This no doubt at least partly results from the lack of a large, consistent, and complete data set of non-two-state folding kinetics. Moreover, since many different mechanisms can be used to describe such data, the physical nature of each of the phases in non-two-state folding is often unclear, further clouding any putative relationships between the equilibrium and kinetic properties of non-two-state proteins. Obviously there is no simple solution to this problem, but we believe that improvements in data reporting would provide an excellent opportunity to create a more useful data set for such studies. We thereby suggest that, for non-two-state proteins, investigators clearly and concisely identify the method via which the phase was observed (and the given rate obtained) and indicate, if possible, the proposed molecular origins of the phase and the range of conditions under which it was observed. In addition, the estimated (extrapolated) rate in the absence of denaturant and the denaturant m-value for each phase should be reported as described per two-state proteins.
Equilibrium parameters
A measure of whether the reported kinetic phases capture the entire folding and unfolding process is provided by a recapitulation of the folding free energy and overall energetic m-value as derived from a chevron plot with the values determined from equilibrium experiments. Thus, we consider it important that kinetic data are reported in conjunction with folding free energies and m-values derived via equilibrium unfolding experiments conducted under conditions identical to those employed in the kinetic study or from the end-point signals from kinetic amplitude analysis. The de facto community standard for fitting equilibrium unfolding curves is described in detail by Santoro and Bolen (1988) and repeated here for convenience. Spectroscopic signals, f, (e.g., from fluorescence or CD) as a function of denaturant should be fitted to the following expression:
where ⌬G u is the free energy of unfolding; m eq is the equilibrium m-value; a 1 and a 2 are the spectroscopic signals of the folded and unfolded states, respectively, in absence of denaturant; and b 1 and b 2 are the changes in the signals of the folded and unfolded states as function of denaturant concentration and account for sloped baselines.
Units
The rates of unimolecular folding reactions are conveniently reported in sec −1 . As described below, however, rate data are better fitted as the logarithm of observed rates. We thus suggest reporting natural logarithm (log e or ln) of folding rate (in units of sec −1 ) with the corresponding estimated errors in this parameter. With regard to protein stability and m-values, our consensus is that it is probably time that folding studies began to employ IUPAC (International Union of Pure and Applied Chemistry)-approved units appropriate for physical chemistry, namely, kJ/mol and kJ/mol/M, rather than kcal/mol and kcal/mol/M. Again, we believe that clearly indicating the units employed is far more critical than using any particular set of units. We note that the problem of ambiguously defined units (and the base of any logarithms employed) has historically been particularly acute in figure legends and labels.
Structural description
Given the importance of empirical and theoretical relationships between folding rates and structural characteristics such as length and topology, we believe that it is of the utmost importance to unambiguously describe the structure of the protein construct characterized. At a minimum, the full length (and, preferably, sequence) of the actual construct under investigation should be reported. This is most important in light of the fact that it has recently been shown that the addition of even small amino-or carboxyl-terminal tags can affect unfolding and refolding kinetics (Hamill et al. 1998; Went et al. 2004) . It is also of value to denote the length of the "structured" region of this construct (i.e., the length excluding terminal tails that are "unstructured" in the native state). Lastly, it is of great utility to direct readers to the most relevant crystallographic or NMR-based structure file in the Protein Data Bank, as well as to indicate the appropriate chain designator and the residue numbers of the first and last structured residues in the file that are also in the characterized construct.
Data reduction
Estimated folding and unfolding rate constants in water, as well as m-values, are fitted parameters derived from experimental observations. The precise values of these fitted parameters depends on the fitting algorithms employed. After careful consideration, we recommend the following fitting procedures.
Determination of rates and m-values for linear chevrons via chemical denaturation
The most appropriate method of data analysis would be a simultaneous fitting of all of the observed signals (fluorescence, far-UV CD, etc.) as a function of time and denaturant concentration. However, this approach is so cumbersome that it has only rarely (Zitzewitz et al. 1995; Raschke et al. 1999 ) been employed. Instead, fitted relaxation rate constants (k obs ) are themselves typically fitted as a function of denaturant concentration (the so-called chevron plot, which is the plot of ln(k obs ) versus denaturant concentration at a given temperature, pH, etc) to one of several well-established relationships. For chevrons with linear folding and unfolding arms, we recommend fitting ln(k obs ) to the following equation: and k u 0 are the folding and unfolding rate constants, respectively, in the absence of denaturant. While fitting k obs (the sum of two exponentials) is superficially equivalent to fitting ln(k obs ) (the log of a sum), the two approaches are not mathematically equivalent. Because k obs is an exponential function of denaturant concentration, parameters estimated by directly fitting k obs are very heavily influenced by the most rapid observed rates. Because of technical limitations, however, errors in k obs tend to be roughly proportional to k obs , and thus the most rapid rates are usually the most poorly defined. By instead fitting ln(k obs ) rather than k f , we put the experimental errors on a common scale and reduce the influence of the most poorly measured data on the parameter estimates. Moreover, since most current theoretical models predict ln(k f ) (i.e., barrier heights) rather than k f , fitting to A ‫ס‬ ln(k f 0 ) and B ‫ס‬ ln(k u 0 ) provides direct estimates of the relevant parameters and their associated errors. For these reasons we believe it is more appropriate to fit ln(k obs ) than to fit k obs .
Determination of rate constants and m-values for chevrons with rollover
Some proteins exhibit significantly nonlinear behavior in the chevron diagram. A generic approach for fitting these nonlinear chevrons is not obvious, since the extracted parameters will be model dependent. As described above, a simple, if perhaps unsatisfying, solution is to fit only the linear regions of the chevron close to the midpoint. We believe this should be done if a linear, two-state model is supported by the data over this range of denaturant concentrations; e.g., if RTln(k u /k f ) is within error of the equilibrium unfolding-derived ⌬G u . Parameters obtained from polynomial fittings of the entire data set
can also be reported to describe the shape of the chevron plot. On the other hand, while equation 3 provides an empirical fit to the chevron data, it lacks a physical justification and thus probably should be employed with caution. More generally, we encourage the reporting of the raw ln(k obs ) versus denaturant concentration values (published here as Supplemental Material) so that alternative mechanistic models of nonlinearity can be readily tested.
Error analysis
Standard errors, which quantify the uncertainty in parameter estimates, should also be reported. This will enable future researchers to appropriately weight folding observations by their estimated error when, for example, ln(k f ) is used as a dependent variable in an association study such as those relating folding rates to measures of protein topology. In addition, many other statistics can be derived from the raw data. Given that, under many circumstances, more detailed statistical analysis is required, we reiterate our strong recommendation that raw folding data be reported. Lastly, given that most theories estimate ln(k f ) rather than k f , it is the estimate of the former parameter, and its standard error, that should be determined and reported.
Results
In an effort to support our recommendations with concrete action, we report here the kinetic and equilibrium folding parameters for 30 apparently two-state, single-domain proteins or protein domains (excised from larger proteins) characterized under the consensus conditions (Table 1 ). The folding kinetics of seven of these have not previously been reported. For many others, the folding kinetics have not been reported under the conditions recommended here. As per our recommendations, we also report the full structural details of the characterized constructs (Table 2) , the full sequence of the characterized construct (Supplemental Material), and the data from which the kinetic parameters were derived (Supplemental Material). We report these data in tabular formats that we suggest efficiently convey all the key structural data, experimental conditions, and kinetic and equilibrium results that will be of interest to researchers in the folding field.
Discussion
Here we have suggested a set of experimental conditions that we propose the field should, so far as practical, employ as "default" conditions for quantitative biophysical studies of protein folding. We describe each parameter (with justification), preferred units, fitting algorithms, error estimation methods, and a minimal structural description that we believe should be reported when describing experimental folding results. We also describe here the folding of 30 apparently two-state proteins and isolated protein domains (Table  1) , including their complete structural description (Table 2) , the sequences of the characterized constructs, and the experimental data from which the kinetic parameters were derived (both as Supplemental Material). We hope that this work and the establishment of this like-minded group of experimental protein folding investigators (a "foldeomics consortium" spanning 17 laboratories in seven countries) will serve as a first step in an ongoing effort to compile a data set of the folding properties of a large number of reversibly folding proteins.
We should note that, because the conditions described here were specifically chosen to maximize backward compatibility with the literature, our recommendations generally only lead to relatively small changes in the reported folding rates of most of the previously characterized proteins. For example, 13 of the proteins characterized here were included in an earlier 24-protein data set that was used to illustrate the relationship between an empirical measure of topology termed relative contact order and two-state folding rates (Plaxco et al. 2000) . Many of the rates reported here are effectively unchanged between this work and the previ- ous report, with the median rate variation being 24%, the mean variation 80%, and the largest variation a factor of six. Thus it is perhaps not surprising that the correlation between relative contact order and the ln(k f ) tabulated here, r ‫ס‬ 0.85, is effectively indistinguishable from the r ‫ס‬ 0.86 relationship derived using the originally reported rates (data not shown). Nevertheless, given the rather minimal effort required to adopt the recommended set of conditions, we believe that setting even (necessarily) arbitrary standards is appropriate even if the experimental variability the effort seeks to minimize is, itself, relatively small. More generally, we hope that adherence to a standardized, and less modeldependent, system for measuring and reporting experimental results will stimulate and unify ongoing efforts to understand folding.
Materials and methods
The kinetic and thermodynamic characterizations were conducted under the conditions and by using the data reduction methods described above. Specific details regarding the production and characterization of the various proteins and isolated domains are described below, as are the initials of the specific investigators responsible for each individual data set.
SrcSH2 and SrcSH3
Both proteins were expressed with amino-terminal 6-his tags followed by a TEV protease site and were purified according to standard protocols (Qiagen). The tag was removed by overnight digestion with TEV protease at room temperature followed by a second passage over a Ni-NTA column. The SH2 domain was characterized under the conditions described (Table 1) , which included 1 mM tris(2-carboxyethyl)phosphine (TCEP) (Pierce), to prevent the intermolecular disulfide bond formation. The SH3 domain was characterized under standard consensus conditions (Table 1) . Kinetics of both proteins were determined by using a Biologic SFM 4 stopped-flow coupled to a Fluoromax 3 fluorimeter, with excitation at 290 nm and emission recorded between 310 and 330 nm. A slow, denaturant-independent refolding phase (k f ‫ס‬ ∼0.05 sec −1
) accounting for ∼15% of the total amplitude of the SH2 domain folding was assumed to represent proline isomerization and ignored (data not shown). A slow phase (∼0.02 sec −1 ) observed in the folding of the srcSH3 domain and previously assigned (Grantcharova and Baker 1997) to proline isomerization was also ignored (D.W., S.M.).
NTL9 and CTL9
The proteins were expressed and purified as described (Sato et al. 2001) and characterization under the conditions reported (Table 1) as described (Kuhlman et al. 1998; Sato 2002; Sato and Raleigh 2002) . CTL9 was studied at pH 8.0 because the stability and folding rate are strongly pH dependent between pH 5.0 and pH 7.5. The protein is most stable above pH 7.5 (Sato 2002; Sato and Raleigh 2002) . The chevron plot represents the faster of two phases. Previous reports indicate that the slower phase reflects proline isomerism (Sato 2002; Sato and Raleigh 2002) 
U1A and L23
U1A was expressed in Escherichia coli (C41) and purified on CM-Sepharose (Amersham Pharmacia) and S100 (Amersham Pharmacia). L23 was expressed in E. coli (BL21 DE3) and purified on SP-Sepharose (Amersham Pharmacia) and S100 (Amersham Pharmacia) and characterized as described (Hedberg and Oliveberg 2004) . Stopped-flow measurements were carried out on an Applied Photophysics stopped-flow fluorimeter (SX17MV). Equilibrium fluorescence data were collected on J-810 JASCO spectrometer (excitation 280 nm, emission >300 nm) (L.H., M.O.). 1RFA  1  55  132  80  S6  1RIS  1  97  101  Sho1 SH3  NA  ND  ND  76  Spectrin SH3  1SHG  6  62  62  SrcSH2  1SPR  A  2  104  110  SrcSH3  1RLQ  9  64  61  Tm1083  NA  ND  ND  124  U1A  1URN  2  97  102  Ubiqutin  1UBQ  1  76  76  Urm1  NA  ND  ND  101  VlsE  1L8W  B  23  335  338 a The Protein Data Base (PDB) file most relevant to the characterized construct. b Which chain in the PDB file (for files containing more than one polymer chain) is relevant or judged most representative. c PDB file residue numbers for the first and last "structured" (i.e., showing a unique, well-defined conformation in the crystallographic or solutionphase structure) amino acids that are also present in the characterized construct. d The full length of the characterized construct, including unstructured amino-or carboxy-terminal tails (e.g., uncleaved his-tags).
raf RBD
This protein was expressed, purified, and characterized as previously described (Vallée-Bélisle et al. 2004) , save the characterization was performed under the conditions described (Table 1) . The most rapid refolding phase, which accounts for ∼40% of the total amplitude at low denaturant concentrations, was well fitted to a two-state folding transition. Three additional slower phases are resolved at below 3 M urea. These exhibit rates, amplitudes, and denaturant dependencies similar to those previously (Vallée-Bélisle et al. 2004 ) observed in GuHCl. In this previous study, rapid unfolding/refolding double-jump experiments suggested that the third and fourth transitions could be attributed to non-prolyl and proline residues isomerizations, respectively. However, the nature of the second transition remains to be conclusively determined, since its amplitude remains constant even when the delay between unfolding and refolding is insufficient to equilibrate the cis-trans isomers of the unfolded state (S.W.M., A.V.B.).
Urm1
The Saccharomyces cerevisiae protein was cloned from yeast genomic DNA into a prSET expression vector containing a 6-his affinity tag and a thrombin cleavage site. The protein was expressed in E. coli (C41), purified by Ni-NTA affinity column and thrombin cleaved at room temperature on the column. The cleaved protein was polished on a HiLoad 26/60 Superdex 75 (Amersham Pharmacia). Equilibrium data were acquired on an Aminco-Bowman Luminescence Spectrophotometer; final protein concentration was 1 M. Freshly thawed Urm1 was titrated into urea and 50 mM sodium phosphate (pH 7.0) and incubated for 4 h before measurement. Equilibrium and kinetic fluorescence measurements were monitored via tryptophan fluorescence by using an excitation wavelength of 280 nm. Kinetic data were acquired on an Applied Photophysics stopped-flow fluorimeter (SX-17MV); protein was at a final concentration of 1 M. Data were acquired above a wavelength of 320 nm by using a glass cut-off filter. Six traces were collected for each denaturant concentration, and data were first averaged and then fit to a single-exponential equation including a linear drift. Coincidence of equilibrium and kinetic data indicates that this protein folds via a two-state process (data not shown) (A.G.B., S.E.J.).
CheW
The protein, from Thermotoga maritima, was cloned into a modified pET15b vector and expressed with an amino-terminal 6-his tag followed by a TEV protease site and purified according to standard protocols (Qiagen). The tag was removed by overnight digestion with TEV protease at room temperature followed by a second passage over a Ni-NTA column. Unfolding and refolding rates were determined under standard consensus conditions by using an AVIV 202SF stopped-flow CD spectrometer. Equilibrium parameters were determined on an AVIV 62 CD spectrometer using a Microlab titrator (D.W., S.M.).
ACBP
Bovine ACBP was obtained as previously described (Thomsen et al. 2002) . Stopped-flow kinetic experiments were performed using a Biologic SFM-400 attached to a Jasco J-810. Excitation was at 280 nm, and fluorescence was measured with a 305-nm long-pass filter. The experiments were performed at 10 M protein concentration under the conditions reported (Table 1) . Equilibrium unfolding data were collected under the same conditions using a Perkin-Elmer LS-50b fluorimeter with excitation and detection at 280 nm and 356 nm, respectively (K.T., B.B.K., F.M.P.).
S6
A 100-M stock of Thermus thermophilus S6, obtained as previously described (Miller et al. 2002) , was diluted into buffered GuHCl solutions under the conditions listed (Table 1 ) using a Biologic SFM-4, and fluorescence emission at 350 nm using 280 nm excitation was recorded using a Jobin-Yvon Horiba Fluoromax 3. Data collected below 2.02 M GuHCl were fit to a double exponential, and the major refolding phase was used to fit the chevron. Similar results have been observed for S6 previously (Otzen et al. 1999) . All other points fit well to a single exponential equation (E.J.M., S.M.).
mAcP
The human protein was expressed and purified as described previously (Taddei et al. 1996) . Kinetic unfolding/refolding was followed by using a Biologic SFM-3 stopped-flow fluorimeter, with excitation at 280 nm and a bandpass filter to monitor emitted fluorescence >320 nm under conditions listed (Table 1) . Equilibrium urea denaturation was observed by monitoring the intrinsic fluorescence of 30 samples equilibrated in urea concentrations ranging from 0-8 M using a Perkin-Elmer LS 55 spectrofluorimeter with excitation wavelength at 280 nm and emission at 335 nm. Tris buffer was used rather than the recommended phosphate and HEPES because both bind to the native state of this protein with consequent alteration of its stability and kinetics (Chiti et al. 1998 ) (F.B., F.C.).
CI2
Stopped-flow kinetic folding and unfolding were performed with a Biologic SFM4 machine. Rate constants were determined by monitoring the change in the fluorescence signal. The excitation wavelength was 280 nm, and emission was collected at 320 nm. The faster measurable kinetic phase, which appears to represent a two-state, non-proline-limited phase (Jackson and Fersht 1991a) , was used in this analysis. The equilibrium unfolding of the protein was characterized with an Aviv titrating CD spectrometer set at 220 nm. Equilibration time was 2 min. Solvent conditions were as described (Table 1) 
Im7* and Im9*
These homologs were prepared, and their folding and unfolding kinetics and thermodynamics were measured as previously described (Capaldi et al. 2002; Friel et al. 2003 ) save under the conditions described here (Table 1) . Each protein contains the amino-terminal tag ME(H) 6 , which is denoted by the asterisk (i.e., Im7* and Im9*). Under the conditions employed, the folding of both proteins appear two-state (Fig. 1) . A mild nonlinearity in the urea dependence of ln(k u ), which was previously noted (Ferguson et al. 1999) in the folding of Im7, was also observed under these consensus conditions (C.T.F., S.E.R.).
Consensus folding conditions
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EC0298
The protein was cloned into pet15B (which has a thrombin cleavage site) and expressed and purified as previously described (Maxwell et al. 2003) . Folding/unfolding rates were determined under the conditions described (Table 1) by laser T-jump fluorescence spectroscopy (Qiu et al. 2002) . Equilibrium free energy was obtained from a GuHCl titration as monitored by CD. As monitored by the coincidence of the kinetically and equilibrium-derived folding free energy, this protein folds via an apparently two-state process (L.Q., D.B., K.L.M., S.J.H.).
FKBP12
This protein was purified and characterized as described previously (Main et al. 1999 ) save under the conditions described (Table 1 ) (E.R.G.M., S.E.J.). 
Protein L and FynSH3
These proteins were expressed and purified as previously described (Scalley et al. 1997; Maxwell and Davidson 1998) and employed without cleavage of the his-tag. Kinetics were monitored via tryptophan fluorescence (excitation 280 nm, emission >320 nm) on an APP stopped-flow fluorimeter. Equilibrium unfolding was monitored via CD at 220 nm on an Aviv titrating CD spectrometer with a 2-min equilibration time. Buffer conditions were as described (Table 1) . Both proteins have previously been established to fold via an apparently two-state process (Scalley et al. 1997; Plaxco et al. 1998a ) (M.A.R., K.W.P.).
Abp1 SH3, Sho1 SH3, GW1, and TM1083
The proteins were expressed in E. coli BL21* and purified under denaturing conditions (6M GuHCl) using nickel affinity chroma- tography by analogy to previous reports (Maxwell and Davidson 1998) . The purified proteins were subsequently folded through dialysis in 50 mM phosphate buffer/100 mM NaCl and used as such without cleaving the tag. Folding and unfolding rates were obtained on a Biologic SFM-4 stopped-flow fluorimeter, with excitation at 295 nm and detection of total fluorescence >309 nm. Traces were fit to appropriate single exponentials. At each concentration of GuHCl, at least five separate shots of 3-5 M protein were averaged. Equilibrium melts were monitored using 1 M protein on an Aviv Spectrofluorometer ATF 105 monitoring fluorescence emission at 340 nm with excitation at 295 nm (A.Z.A., A.R.D.).
Repressor and protein G
These proteins were expressed, purified, and characterized as previously described (Krantz et al. 2002) save under the conditions (Table 1) . The pH employed for -repressor was raised slightly to improve its fluorescence properties (T.R.S.).
Ubiquitin
Data adopted from previously reported work (Krantz and Sosnick 2000) (T.R.S.).
SpectrinSH3 and ADAh2
Data for these proteins were adopted from previous work (Viguera et al. 1996; Villegas et al. 1998 ) and refitted as described here (L.S.).
Apo-azurin and VlsE
Apo-azurin is the metal (copper)-free version of native azurin. The data for both proteins were adopted from previous studies (Jones et The refolding and unfolding kinetics of 30 small proteins and isolated protein domains. All but one fold with rates that are well-fitted (r 2 > 0.97) by linear-arm chevrons (equation 2) and appear to represent two-state folding under these conditions (as judged by the equivalence of the folding free energy as determined from kinetic and equilibrium chemical melts) (Table 1 ). The protein U1A exhibits significantly curved folding and unfolding arms under the conditions employed here (and other conditions)) (Otzen et al. 1999) . Fitting the apparently linear region of the U1A chevron (r 2 ‫ס‬ 0.994) produces an estimated ln(k f ) in water of 7.68 ± 0.18; fitting all of the data to a second order polynomial chevron (r 2 ‫ס‬ 0.9995) produces the significantly lower estimate ln(k f ) ‫ס‬ 4.62 ± 0.05. Several other proteins appear to exhibit curvature in their unfolding arms. But because these data are also well-fitted by equation 2, this curvature was ignored in the illustrated fits and in the data reported in Table 1 . Note that the X-and Y-axis ranges vary significantly from plot to plot in this figure. 
Electronic supplemental material
We present as supplemental materials the full sequences of each of the constructs characterized in this study and the kinetic "chevron data" used to generate the reported kinetic parameters.
